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(54) BRANCH FILTER AND SHARED DEVICE AND 2-FREQUENCY BAND MOBILE 
COMMUNICATION APPARATUS USING THE BRANCH RLTER 



(57) A branch filter which is used for mobile commu- 
nication such as a portable telephone and the purpose 
of the invention is that a band separates two bands with 
a simple construction in such a way that mutual influ- 
ence between both the bands is provided. An inductor 
(105) which is a 1st matching circuit is connected 
between a single-pole it-type 3-stage low-pass filter 
(115) and a common terminal (113), and a capacitor 
(106A) which is a 2nd matching circuit is connected 
between a single-pole band-pass filter (116) and the 
common terminal (113). Thus the mutual influence 
between both the bands is eliminated, and harmonic 
components are sufficiently attenuated. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to the field of diplexers, duplexers, and two-channel mobile communications equip- 
ment employed in mobile communications, particularly in mobile phones. 

BACKGROUND OF THE INVENTION 

10 Diplexers of this type generally have the configuration shown in Figs. 9 to 1 1 . Specifically, the diplexer of the prior 
art has a circuit shown in Fig. 9 which comprises a low-pass filter and high-pass filter formed in a low-dielectric ceramic 
material as shown in Fig. 10. 

In Fig. 1 0, a conductive layer 24 is formed on a low-di electric layer 1 6i as a shield electrode, followed by a laminated 
low-dielectric layer 16h. Inductor electrodes 23a and 23b are formed on this low-dielectric layer 16h, followed by a lam- 

15 inated low-dielectric layer 16g. A capacitor electrode 22 is formed on this low-dielectric layer 16g p followed by a lami- 
nated low-dielectric layer 161 A capacitor electrode 21 is formed on this low-dielectric layer 16f, followed by a laminated 
low-dielectric layer 16e. A conductive layer 20 is formed on this low-dielectric layer 16e as a shield electrode, followed 
by a laminated low-dielectric layer 16d. Capacitor electrodes 19a and 19b are formed on this low-dielectric layer 16d. 
followed by a laminated low-dielectric layer 16c. An inductor electrode 18 is formed on this low-dielectric layer 16c, fol- 

20 lowed by a laminated low-dielectric layer 16b. An inductor electrode 17 is formed on this low-dielectric layer 16b, fol- 
lowed by a laminated low-dielectric layer 16a. In the low-dielectric layer 16b, a via hole 25 is formed to create an 
electrical connection between the inductor electrodes 17 and 18. 

Next. Fig. 1 1 shows a perspective of the diplexer of the prior art. The conductive layers 20 and 24 are connected 
with end electrodes 26b, 26d, 26f, and 26g at the side of the dielectric substance to form a shielded electrode by 

25 grounding the end electrodes 26b, 26d, 26f, and 26g. 

Also, as shown in Fig. 9, a first terminal 907 is formed by connecting an end electrode 26a and the inductor elec- 
trode 1 7 at the side of the dielectric substance, and a first inductor 902 is also formed by connecting the inductor elec- 
trodes 1 7 and 1 8 through the via hole 25. The end electrode 26a is also connected to the capacitor electrode 1 9a at the 
side of the dielectric substance to form a first capacitor 901 between the conductive layer 20. A common terminal 908 

30 is formed by connecting the inductor electrode 18 and capacitor electrode 21 to an end electrode 26c at the side of the 
dielectric substance. The end electrode 26c is further connected to the capacitor electrode 19b at the side of the die- 
lectric substance to form a second capacitor 903 between the conductive layer 20. This is how a low-pass filter 910 is 
configured. 

Next, a third capacitor 905 is formed with the capacitor electrode 22 facing the capacitor electrode 21 connected to 
35 the end electrode 26c. The end electrode 26c is also connected to the inductor electrode 23b at the side of the dielectric 
substance, and a second inductor 904 is formed by connecting the other end of the inductor electrode 23b to the end 
electrode 26g. In the same way, the capacitor electrode 22 is connected to the inductor electrode 23a at the side of the 
dielectric substance, and a third inductor 906 is formed by connecting the other end to the end electrode 26f. The 
capacitor electrode 23 is also connected to the end electrode 26e at the side of the dielectric substance to form a sec- 
40 ond terminal 909. This is how a high-pass filter 91 1 is configured. 

Attenuation of the low-pass filter 910 is increased in the passband frequency of the high-pass filter 91 1 , and atten- 
uation of the high-pass filter 91 1 is increased in the passband frequency of the low-pass filter 91 0 to ensure mutual iso- 
lation. 

However, since the number of mobile communications users has rapidly increased in recent years, the trend is 
45 towards enabling the use of a system employing two different frequency bands in one piece of communications equip- 
ment to make it more likely to secure a communications channel. In this case, a device for dividing two bands is 
required. If the diplexer of the prior art which comprises a low-pass filter and high-pass filter formed in a low-dielectric 
ceramic material is used for realizing such a system, due to structural limitations, the higher harmonics cannot be 
removed. In addition, the size will be larger due to design restrictions. 

50 

SUMMARY OF THE INVENTION 

The present invention offers a small device for dividing two bands and also removing the higher harmonics. 

The present invention has a configuration comprising an formed low-dielectric layer and high-dielectric layer. A low- 
55 pass filter and an inductor as a matching circuit for the low-pass filter are formed in the low-dielectric layer, and a band- 
pass filter and a capacitor as a matching circuit for the band-pass filter are formed in the high-dielectric layer. 

This configuration allows the present invention to take the form of a small device which can divide signals input to 
a common terminal into two bands and remove the higher harmonics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit showing the configuration of a diplexer in a first exemplary embodiment of the present invention. 
Fig. 2 shows a configuration of a diplexer in accordance with a second exemplary embodiment of the present inven- 

5 tion. 

Fig. 3 is a perspective of the diplexer in accordance with the second exemplary embodiment of the present inven- 
tion. 

Fig. 4 is a circuit diagram of the diplexer in accordance with the second exemplary embodiment of the present 
invention. 

w Fig. 5 shows another configuration of the diplexer in accordance with the second exemplary embodiment of the 
present invention. 

Fig. 6 is a circuit diagram showing another configuration of a resonator electrode in the diplexer in accordance with 
the second exemplary embodiment of the present invention. 

Fig. 7 is a circuit diagram of a duplexer in accordance with a third exemplary embodiment of the present invention. 
15 Fig. 8 is a circuit diagram of a duplexer in accordance with a fourth exemplary embodiment of the present invention. 
Fig. 9 is a circuit diagram of a diplexer of the prior art. 
Fig. 10 shows a configuration of the diplexer of the prior art. 
Fig. 1 1 is a perspective of the diplexer of the prior art. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First exempigry embodiment 

Fig. 1 shows a circuit diagram of a diplexer in a first exemplary embodiment of the present invention. In Fig. 1 , one 
25 end of a first capacitor 101 , one end of a first inductor 102, and one end of a second capacitor 103 are connected to a 
first terminal 1 12, and the other end of the first capacitor 101 is grounded. The other end of the first inductor 102 and 
the other end of the second capacitor 103 are connected to one end of a third capacitor 104 and one end of a second 
inductor 105. The other end of the third capacitor 104 is grounded. The other end of the second inductor 105 is con- 
nected to one end of a fourth capacitor 106A in series, and it is also connected to a common terminal 113. The other 
30 end of a fourth capacitor 1 06B is connected to a first quarter wavelength resonator 1 07, one end of a fifth capacitor 1 08, 
and one end of a third inductor 109. The other end of the fifth capacitor 108 is connected to a second quarter wave- 
length resonator 1 10 and one end of a sixth capacitor 111. The other end of the third inductor 109 is connected to the 
other end of the sixth capacitor 1 1 1 to connect to a second terminal 114. 

To make description more simple, the fourth capacitors 106A and 106B connected in series is represented by one 
35 capacitor, which is a fourth capacitor 106 in the following explanation. 

The operation of the diplexer as configured above is explained next. 

The first capacitor 101, first inductor 102, second capacitor 103, and third capacitor 104 form a n-type three-stage 
one polar low-pass filter 1 1 5. The first band is set to a passband, and an attenuation pole is formed in the second band. 
The fourth capacitor 106, first quarter wavelength resonator 107, fifth capacitor 108, third inductor 109, second quarter 

40 wavelength resonator 110, and sixth capacitor 1 1 1 form two-stage one polar band-pass filter 1 1 6. The second band is 
set to a passband and an attenuation pole is formed in the first band. 

In a circuit from the common terminal 1 1 3 to the second terminal 1 1 4, impedance of the fourth capacitor 1 06 con- 
nected in series can be defined as 1/((oC), where C is the capacity. Since the first quarter wavelength resonator 1 07 can 
be replaced with a parallel resonance circuit of a capacitor and inductor, and one end is grounded, impedance of the 

45 capacitor and inductor can be defined respectively as «C and 1/(©L) (L is inductance of the inductor). This makes 
impedance of the fourth capacitor 106 higher and impedance of the first quarter wavelength resonator 107 lower as the 
frequency lowers. 

Accordingly, in the first band, the band-pass filter 1 1 6 shows capacitive characteristics, and functions as a capacitor 
connected between the common terminal 1 1 3 and ground. With the second inductor 1 05 connected as the first match- 
so ing circuit, an area between the first terminal 112 and common terminal 113 becomes equivalent to a n-type five-stage 
low-pass filter. 

This allows to sufficiently attenuate signals in the first band input to the common terminal 1 13 at the second termi- 
nal 1 14 side, and the most of such signals are output to the first terminal 112 side. In addition, the higher harmonics is 
sufficiently attenuated by the low-pass filter 1 1 5. On the contrary, signals i n the first band input to the first terminal 1 1 2 
55 do not pass through to the second terminal 1 14 side, and are output to the common terminal 1 13. 

Next, the operation between the common terminal 113 and second terminal 1 14 is explained. In a circuit between 
the common terminal 113 and first terminal 112, impedance of the second inductor 105 connected in series can be 
defined as ooL where L is inductance. Impedance of the third capacitor 1 04 connected before the ground can be defined 
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as 1/(oC) (C is capacitance of the capacitor). Thus, impedance of the second inductor 105 becomes higher and imped- 
ance of the third capacitor 104 becomes lower as the frequency increases. Accordingly, the low-pass filter 115 shows 
inductivity in the second band, and functions as an inductor connected between the common terminal 1 13 and ground. 

Here, suppose that a capacitor is connected in series between the common terminal 1 13 and pass-band filter 116, 
s and an inductor is connected between the other end of the capacitor, contact point of the band-pass filter 116, and 
ground. This inductor then is equivalent to a negative capacitor connected between the ground, and it can also be 
replaced with the first quarter wavelength resonator 107 by making the resonator length shorter. Furthermore, since 
input/output connection of the band-pass filter 1 1 6 is capacitive coupling, the capacitor can be formed with a single ele- 
ment as composite capacitance. 
10 As a result, the circuit shown in Fig. 1 can be configured to include an inductor connected between the capacitor, 
which is connected in series between the common terminal 1 13 and band-pass filter 1 16, and the ground by adjusting 
the fourth capacitor 106 and the resonator length of the first quarter wavelength resonator 107. 

Therefore, in the second band, between the common terminal 113 and the second terminal 1 14, the inductor con- 
nected to the ground, capacitor connected in series, and inductor connected to the ground are configured equivalents 
15 This circuit functions as a matching circuit in the band lower than the passband, which is commonly known as a phase 
shifter of the rc-type high-pass filter. 

This allows to sufficiently attenuate signals in the second band input to the common terminal 1 13 at the first termi- 
nal 1 12 side, and the most of such signals is output to the second terminal 1 14 side. The higher harmonics is also suf- 
ficiently attenuated by the pass-band filter 1 1 6. On the contrary, signals in the second band input to the second terminal 
20 1 14 do not pass through to the first terminal 112 side, and are output to the common terminal 113. 

With the above configuration, the present invention functions as a diplexer which divides input signals to two bands. 

There are other circuit configurations for configuring the one polar band-pass filter. The details of the diplexer of the 
present invention is not affected by the circuit configuration of the band-pass filter. 

In mobile telephone terminals employing two frequency bands, the diplexer of the present invention offers a simple 
25 high frequency wave dividing circuit for terminals, allowing terminals to be made smaller and lighter. 

Second exemplary embodiment 

Fig. 2 shows the configuration of a diplexer in a second exemplary embodiment of the present invention. Fig. 3 is a 

30 perspective diagram of the same diplexer. In Fig. 2, a conductive layer 13 is formed as a shield electrode on a low-die- 
lectric layer 3 mainly composed of Si02-AI 2 0 3 -MO (M consists of at least one of Ba, Ca, and Sr)-La 2 03-B203 glass, 
and then a high-dielectric layer 2c, composed of Bi 2 0 3 -CaO-Nb20 5 dielectric ceramic material, Bi0 2 -CaO-ZnO-CuO- 
Nb 2 0 5 dielectric ceramic material, or BaO-Nd 2 0 5 -T10 2 dielectric ceramic material is laminated on the low-dielectric 
layer 3. Resonator electrodes 12a and 12b are formed on this high-dielectric layer 2c, and then a high-dielectric layer 

35 2b composed of Bi 2 0 3 -CaO-Nb 2 O 5 dielectric ceramic material, Bi 2 0 3 -CaO-ZnO-CuO-Nb20 5 dielectric ceramic mate- 
rial, or BaO-Nd 2 05-Ti0 2 dielectric ceramic material is laminated on the high-dielectric layer 2c. A capacitor electrode 
1 1 is disposed on this high-dielectric layer 2b for forming a second matching circuit with the capacitor electrode 9 for 
input/output coupling and load capacitor electrodes 10a and 10b. A high-dielectric layer 2a composed of the same 
Bi 2 0 3 -CaO-Nb 2 0 5 dielectric ceramic material, Bi 2 0 3 -CaO-ZnO-CuO-Nb 2 0 5 dielectric ceramic material, or BaO- 

40 Nd 2 0 5 -Ti0 2 dielectric ceramic material is laminated on the high-dielectric layer 2b. On top of this high-dielectric layer 
2a, a conductive layer 8 is formed as a shield electrode. 

Next, on the high-dielectric layer 2a where the conductive layer 8 is provided, a low-dielectric layer 1d mainly com- 
posed of Si0 2 -AI 2 0 3 -MO-La 2 0 3 -B 2 0 3 glass is provided. On top of this low-dielectric layer 1d, capacitor electrodes 7a 
and 7b are formed, and then a low-dielectric layer 1c mainly composed of Si0 2 -AI 2 0 3 -M0-La 2 0 3 -B20 3 glass is pro- 

45 vided. On top of this low-dielectric layer 1c, a capacitor electrode 6 is formed, and then a low-dielectric layer 1b mainly 
composed of Si0 2 -AI 2 0 3 -MO-La 2 0 3 -B20 3 glass is provided. On top of this low-dielectric layer 1b, inductor electrodes 
4 and 5 for forming a first matching circuit are disposed. On top of the low-dielectric layer 1b, a low-dielectric layer 1a 
mainly composed of the same Si0 2 -AI 2 0 3 -MO-La 2 0 3 -B 2 0 3 glass is provided. 

The diplexer as configured above is made by sintering after printing and laminating using a ceramic green sheet. 

so Next, materials of the low-dielectric layers 1a to 1d and 3, and high-dielectric layers 2a to 2c which are the charac- 
teristic of the present invention are explained. 

Green sheets of the low-dielectric layers 1a to 1d and 3, and high-dielectric layers 2a to 2c are manufactured 
respectively as follows. Glass used for the low-dielectric layers 1a to 1d and 3 is made by melting raw materials such 
as Si0 2 , H 3 B0 3 , AI(OH) 3 , CaC0 3 , BaC0 3 , SrC0 3 , and La 2 0 3 in platinum or platinum-rhodium crucible and grinding 

55 into glass powder after cooling. Then, 500 g glass powder made in the above way is added to a solution comprising 200 
g methyl ethyl ketone, 25 g dibutyl phthalate, and 50 g polyvinyl butyral resin, and mixed and ground for 24 hours in a 
ball mill to make a slurry. A 50 nm thick green sheet of low-dielectric layer is made from the slurry using the known doc- 
tor blade method. 
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A Bi 2 0 3 -CaO-Nb 2 0 5 (hereafter referred to as BCN) high-dielectric layer is made by adding 500 g BCN dielectric 
powder with a dielectric constant of 58, as disclosed in Japanese Laid-open Patent No. H5-225826, to a solution com- 
prising 200 g methyl ethyl ketone, 10 g dibutyl phthalate, and 25 g polyvinyl butyral resin, and mixing for 24 hours in a 
ball mill to make a slurry. A 50 ^m thick green sheet of BCN high-dielectric layer is made from the slurry using the doctor 
5 blade method. 

A Bi 2 0 3 -CaO-ZnO-CuO-Nb 2 0 5 (hereafter referred to as BCZCN) high-dielectric layer is made by adding 500 g 
BCZCN dielectric powder with a dielectric constant of 100 to a solution comprising 200 g methyl ethyl ketone, 10 g dib- 
utyl phthalate. and 25 g polyvinyl butyral resin, and mixing in a ball mill for 24 hours to make a slurry. A 50 *im thick 
green sheet of BCZCN high-dielectric layer is made from the slurry using the doctor blade method. 

10 In the same way, a BaO-Nd 2 05-Ti0 2 -Bi 2 03 high-dielectric layer is made by adding 20 weight % of Si0 2 -AI 2 0 3 -MO 
(consisting of at least one of Ba, Ca. and Sr)-La 2 0 3 -B 2 0 3 glass powder to 100 weight % of BaO-Nd 2 0 5 -Ti0 2 -Bi 2 0 3 
high-dielectric powder with a dielectric constant of 60, as disclosed in Japanese Laid-open Patent No. H9-108788, to 
make 500 g powder mixture. This powder (hereafter referred to as BNTG) is added to a solution comprising 200 g 
methyl ethyl ketone. 10 g dibutyl phthalate, and 25 g polyvinyl butyral resin, and mixed in a ball mill for 24 hours to make 

is a slurry. A 50 urn thick green sheet of a BNTG high-dielectric layer is made from the slurry using the doctor blade. 

The composition of BaO-Nd 2 0 5 -Ti0 2 -Bi 2 0 3 dielectric material is explained in details in a fifth exemplary embodi- 
ment. 

The high-dielectric layer sheets made in accordance with the above methods are laminated, and pressed by ther- 
mocompression at 60°C to make a 50 ^m thick high-dielectric layer 2b between the 600 pm thick high -dielectric layers 

20 2a and 2c, and between the resonator electrodes 12a and 12b, input/output coupling capacitor 9, load capacitor elec- 
trodes 1 0a and 1 0b, and capacitor electrode 1 1 for the second matching circuit. In the same way, the low-dielectric layer 
sheets are laminated and pressed by thermal compression at 60°C to make the low-dielectric layers 1 a to 1 d and 3. Via 
holes 14a and 14b are made in the low-dielectric layer 1b to create conductivity between the conductive layers, and sil- 
ver paste is filled into the via holes 1 4a and 1 4b. On green sheets of the low-dielectric layers 1 b to 1d, and 3, silver paste 

25 is printed in a specified conductive pattern respectively using the screen printing method to respectively form the induc- 
tor electrode 4, inductor electrode 5 for matching circuit, capacitor electrode 6, capacitor electrodes 7a and 7b. conduc- 
tive layer 8, input/output coupling capacitor electrode 9, load capacitor electrodes 10a and 10b, capacitor electrode 1 1 
for matching circuit, resonator el ectrodes 1 2a and 1 2b, and conductive layer 1 3. Then, green sheets of the low-dielectric 
layers 1a to 3 are positioned in order and laminated, pressed by thermal compression at 80°C, de-bindered at 400 to 

30 450°C, and sintered at 900 to 950°C. 

Next, silver paste is printed and sintered using the screen printing method to form the end electrodes 15a to 15e 
shown in Fig. 3 at the side of the sintered substance for connecting the sintered substance with a printed circuit board. 
Nickel and solder plated layers are then formed using barrel plating. 
The operation of the diplexer as configured above is explained next. 

35 The diplexer as configured above is equivalent to a circuit shown in Fig. 4. In general, it is the same as the diplexer 
explained in the first exemplary embodiment. Detailed explanation is therefore omitted here by allocating the same 
numerals to the same parts. 

The conductive layer 8 and conductive layer 1 3 are connected to the end electrodes 1 5a and 1 5d at the side of the 
dielectric substance, and a shield electrode is formed by grounding the end electrodes 15a and 15d. 

40 At the side of the dielectric substance, the end electrode 15b and inductor electrode 4 are connected to form the 
first inductor 1 02 with the first terminal 1 1 2, and the end electrode 1 5b is also connected to the capacitor electrode 7a. 
The capacitor electrode 7a forms the first capacitor 101 with the conductive layer 8, and also forms the second capac- 
itor 103 by disposing the capacitor electrode 6 to face a part of the inductor electrode 4. The inductor electrode 4 and 
capacitor electrode 6 are connected through the via hole 14b. In addition, the inductor electrode 5 for matching circuit, 

45 capacitor electrode 6, and capacitor electrode 7b are connected through the via hole 14a to form the second inductor 
105. The capacitor electrode 7b forms the third capacitor 104 between the conductive layer 8. 

A low-pass filter 415 is configured as above, and the common terminal 1 13 is formed by connecting the inductor 
electrode 5 for matching circuit and end electrode 1 5e at the side of the dielectric substance. 

Next, the end electrode 15e is connected to the capacitor electrode 1 1 for matching circuit. The end electrode 15e 

so forms the common terminal 1 13, and the capacitor electrode 1 1 for matching circuit forms the fourth capacitor 106 by 
disposing it to face a part of the resonator electrode 12b. The end electrode 15c is connected to the input/output cou- 
pling capacitor electrode 9 to form the second terminal 1 14. The input/output coupling capacitor electrode 9 forms the 
sixth capacitor 1 1 1 by disposing it to face a part of the resonator electrode 1 2a. One end of the resonator electrode 1 2b 
is connected to the grounded end electrode 1 5a to form a first quarter wavelength resonator 41 7. In the same way, one 

55 end of the resonator electrode 12a is connected to the grounded end electrode 15a to form a second quarter wave- 
length resonator 418. The load capacitor electrode 10b is disposed to face a part of the resonator electrode 12b, and 
one end of the load capacitor electrode 10b is connected to the grounded end electrode 15c to form a first load capac- 
itor 419. The load capacitor electrode 10a is disposed to face a part of the resonator electrode 12a, and one end of the 
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load capacitor electrode 10a is connected to the grounded end electrode 15c to form a second load capacitor 420. 
Accordingly, a band-pass filter 416 is configured. 

The band-pass filter 416 made in the high-dielectric layers 2a to 2c forms an attenuation pole by electromagnetic 
connection between the first quarter wavelength resonator 417 and second quarter wavelength resonator 418. It is set 

5 to form a passband in the second band and the attenuation pole in the first band. In the second band, the low-pass filter 
415, as in the first exemplary embodiment, functions as an inductor connected between the common terminal 1 13 and 
ground. Here, a phase shifter of rc-type high-pass filter type is configured by adjusting the resonator length of the first 
quarter wavelength resonator 417 and capacitance of the first load capacitor 419. By employing the configuration to 
laminate two types of dielectric layers into one piece, the diplexer can be made smaller and shorter. 

10 With the above configuration, the second exemplary embodiment enables to function as a diplexer which divides 
input signals to two bands. 

In this exemplary embodiment, a shield electrode is disposed between the low-dielectric layer and high-dielectric 
layer. As shown in Fig. 5, it is also possible to form conductive layers 1 6a, 1 6b, 1 7a and 1 7b respectively as shield elec- 
trodes inside the low-dielectric layer and high-dielectric layer. This will further suppress dispersion in the characteristics 
15 of the band-pass filters and reduce manufacturing costs because diffusion of high-dielectric ceramic material to low-die- 
lectric ceramic material during sintering can be reduced, which further facilitates sintering of the dielectric substance. 

In this exemplary embodiment, capacitive coupling is employed as input/output coupling for the band-pass filter. As 
shown in Fig. 6, a tapping electrode 621 can also be employed for connection. This has the advantage of easier imped- 
ance matching of the band-pass filter with a broader band and lower insertion loss. 
20 Furthermore, in mobile telephone terminals for two channels, the diplexer of the present invention offers a simpler 
high frequency wave dividing circuit for terminals, allowing terminals to be made smaller and lighter. 

Third exemplary embodiment 

25 Fig. 7 shows a configuration of a duplexer in a third exemplary embodiment of the present invention. In Fig. 7, a 
common terminal of a first diplexer 702 is connected to one output terminal of an SPDT switch 701 , and a common ter- 
minal of a second diplexer 703 is connected to the other output terminal of the SPDT switch 701. In this way, the 
duplexer is configured with an input terminal of the SPDT switch 701 as an antenna terminal 704, a first terminal of the 
first diplexer 702 as a first transmission terminal 708, a second terminal of the first diplexer 702 as a second transmis- 

30 sion terminal 709, a first terminal of a second diplexer 703 as a first receiving terminal 71 1, and a second terminal of 
the second diplexer 703 as a second receiving terminal 712. 

The operation of the duplexer as configured above is explained next. 

The diplexer employed in this exemplary embodiment is the same as that explained in the first and second exem- 
plary embodiments. Detailed explanation of its operation is thus omitted. 

35 In mobile telephone terminals adopting the TDMA system, transmission and receiving does not take place simul- 
taneously. Therefore, the SPDT switch 701 which switches the channel timewise can be employed. 

The first diplexer 702 prevents transmission signals in the first band input to the first transmission terminal 708 from 
flowing to the second transmission terminal 709, and outputs them to the common terminal 707 of the first diplexer. 
These transmission signals in the first band then flow to the first output terminal 705 of the SPDT switch 701 . The SPDT 

40 switch 701 prevents signals in the first band from flowing to the second output terminal 706, and outputs them from the 
antenna terminal 704. In the same way, the first diplexer 702 prevents transmission signals in the second band input to 
the second transmission terminal 709 from flowing to the first transmission terminal 708, and outputs them to the com- 
mon terminal 707 of the first diplexer 702. These transmission signals in the second band then flow to the first output 
terminal 705 of the SPDT switch 701. The SPDT switch 701 prevents signals in the second band from flowing to the 

45 second output terminal 706, and outputs them from the antenna terminal 704. 

Next, the SPDT switch 701 prevents receiving signals in the first band input to the antenna terminal 704 from flow- 
ing to the first output terminal 705 and outputs them to the second output terminal 706. These receiving signals in the 
first band then flow to the common terminal 710 of the second diplexer 703. The second diplexer 703 prevents these 
signals in the first band from flowing to the second receiving terminal 71 2, and outputs them to the first receiving termi- 

so nal 71 1 . In the same way, the SPDT switch 701 prevents receiving signals in the second band input to the antenna ter- 
minal 704 from flowing to the first output terminal 705. and outputs them to the second output terminal 706. These 
receiving signals in the second band then flow to the common terminal 710 of the second diplexer 703. The second 
diplexer 703 prevents these signals in the second band from flowing to the first receiving terminal 71 1 . and outputs them 
to the second receiving terminal 712. 

55 With the above configuration, the third exemplary embodiment functions as a duplexer corresponding to the TDMA 
system for using the two frequency bands. 

The present invention thus can be employed as a duplexer for two systems, for example. Personal Digital Cellular 
(PDC) and Personal Handy Phone System (PHS) by using PDC in the first band and PHS in the second band. 
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The present invention can also be employed as a duplexer for two systems, for example, the European standard 
Group Special Mobile (GSM), and the European Personal Communications Network (PCN), by using GSM in the first 
band and PCN in the second band. 

There is a wide variety of types of SPDT switches, but the duplexer used in the present invention is not affected by 
5 the type of SPDT switch. For mobile telephone terminals employing two frequency bands, the use of the duplexer of the 
present invention enables the common circuit of the terminals to be simply configured, allowing the terminal to be made 
smaller and lighter. 

Fourth exemplary embodiment 

10 

Fig. 8 shows the configuration of a duplexer in a fourth exemplary embodiment of the present invention. In Fig. 8, 
an antenna terminal 807 of a first duplexer 802 is connected to a first terminal 805 of a diplexer 801 , and an antenna 
terminal 810 of a second duplexer 803 is connected to a second terminal 806. In this way, a duplexer is configured with 
a common terminal of the diplexer 801 as an antenna terminal 804, a transmission terminal of the first duplexer 802 as 
15 a first transmission terminal 808, a receiving terminal of the first duplexer 802 as a first receiving terminal 809, a trans- 
mission terminal of the second duplexer 803 as a second transmission terminal 81 1, and a receiving terminal of the 
second duplexer 803 as a second receiving terminal 812. 

The operation of the duplexer as configured above is explained next. 

The diplexer employed in this exemplary embodiment is the same as that explained in the first and second exem- 

20 plary embodiments. Detailed explanation of its operation is thus omitted. 

Transmission and receiving are executed at the same time in mobile telephone terminals adopting systems other 
than the TDMA system. Therefore, the SPDT switch, which switches the channels timewise, cannot be employed for. 
Accordingly, signals in the first band and second band are first divided by the diplexer, and then separated to transmis- 
sion and receiving signals in each band. 

25 The first duplexer 802 prevents transmission signals in the first band input to the first transmission terminal 808 
from flowing to the first receiving terminal 809. Instead, they are output to the antenna terminal 807 of the first duplexer, 
and then to the first terminal 805 of the diplexer 801 . The diplexer 801 prevents these signals in the first band from flow- 
ing to the second terminal 806, and outputs them from the antenna terminal 804. The diplexer 801 prevents receiving 
signals in the first band input to the antenna terminal 804 from flowing to the second terminal 806. Instead, they are 

30 output to the first terminal 805, and then to the antenna terminal 807 of the first duplexer 802. The first duplexer 802 
prevents signals in the first band from flowing to the first transmission terminal 808, and outputs to the first receiving 
terminal 809. 

Then, transmission signals in the second band input to the second transmission terminal 81 1 are prevented from 
flowing to the second receiving terminal 812 by the second duplexer 803. Instead, they are output to the antenna ter- 
35 minal 81 0 of the second duplexer, and then to the second terminal 806 of the diplexer 801 . The diplexer 801 prevents 
these signals from flowing to the first terminal 805, and outputs them from the antenna terminal 804. The diplexer 801 
prevents receiving signals in the second band input to the antenna terminal 804 from flowing to the first terminal 805. 
Instead, they are output to the second terminal 806 and then to the antenna terminal 810 of the second duplexer 803. 
The second duplexer 803 prevents these signals from flowing to the second transmission terminal 81 1 , and outputs to 
40 the receiving terminal 812. 

With the above configuration, this exemplary embodiment functions as a duplexer for systems other than the TDMA 
system for using the two frequency bands. 

The duplexer of the present invention thus can be employed for two systems, for example, Advanced Mobile Phone 
Service (AMPS), which is an analog mobile phone in the US. and Personal Communications Systems (PCS), which is 
45 a personal mobile communications system in the US, by using AMPS in the first band and PCS in the second band. 

Furthermore, for mobile telephone terminals employing two frequency bands, the use of the duplexer of the present 
invention enables the common circuit of the terminals to be simply configured, allowing the terminal to be made smaller 
and lighter. 

so Fifth exemplary embodiment 

The composition of BaO-Nd 2 05-Ti02-Bi20 3 dielectric material used in a high-dielectric layer of the aforementioned 
diplexer of the present invention is explained next. This material is made by mixing the first powder component and sec- 
ond powder component at a specified ratio. The following explanation uses these expressions. 
55 First, the composition of the first powder component is explained. As source materials, chemically high purity (99 
weight % or above) of BaC0 3 , Nd 2 0 3 Ti0 2 . and Bi 2 0 3 are used. After adjusting the purity of the source substance, 
each source substance is weighed to achieve a specified values of x, y, z, and w when defined as xBaO-yNd 2 0 3 -zTi0 2 - 
wBi 2 0 3 (x+y+z+w=1 ). These powders are mixed in a ball mill with zirconia stones and pure water for 1 7 hours to make 
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a slurry. After mixing, the slurry is dried and kept in an alumina crucible for provisional sintering for 2 hours at 1000 to 
1300°C. Provisionally sintered slurry is crushed and ground in the ball mill for 17 hours, and dried to complete the first 
powder component. 

The composition of the second powder component is explained next. Source materials are chemically high purity 
5 (99 weight % or above) substances such as Si0 2 , H 3 B0 3 , AI 2 (OH) 3 , CaC0 3 , BaC0 3( SrC0 3 , and La 2 0 3 . After correct- 
ing purity of the source substances, they are weighed in accordance with the composition shown in Table 1 . Powder of 
these substances are mixed in a ball mill with zirconia stones and ethanol for 17 hours to make a slurry. After mixing, 
the slurry is dried and kept in a platinum or platinum-rhodium crucible to melt at 1400 to 1500°C and cooled rapidly. 
After crushing, the same method as mixing is used for grinding, and dried to make the second powder component. The 
10 composition and characteristics of the mixed second component are shown in Table 1 . 



Table 1 



Specimen No. 


Composition of the second component (weight %) 




Si0 2 


La20 3 


BaO 


CaO 


SrO 


B20 3 


Al 2 0 3 


Zr0 2 


Li0 2 


K 2 0 


A 


45 


10 


20 


15 




5 


5 








B 


40 


15 


25 


10 




5 




5 






C 


45 


10 


20 


15 


5 








5 




D 


45 


10 


25 




5 


5 


5 






5 


E 


45 


10 




20 


15 






5 


5 





25 

The first and second powder components are weighed in the ratio shown in Table 2, wet blended in the ball mill, 
and then dried. Average particle diameter of this mixed powder is measured using the laser diffraction measuring 
method. After adding 8 weight % of a 5 weight % polyvinyl alcohol solution as a binder and mixing them, mixed powder 
is granulated using a 32-mesh sifter, and pressed with a disc of 13 mm diameter and about 5 mm thickness under 100 

30 Mpa. Pressed powder is heated at 600°C for 3 hours to burn out the binder, kept in a magnesia porcelain container, 
covered with a lid, and sintered at temperatures ranging between 800 and 1 100°C for 2 hours. The dielectric character- 
istics of the sintered body sintered at the temperature which makes the maximum density were measured using micro- 
waves. Resonance frequency and Q value were calculated in accordance with the dielectric resonance method. 
Relative dielectric constant (er) is calculated from the dimensions and resonance frequency of the sintered substance. 

35 Resonance frequency was between 2 and 7 GHz. 

Resonance frequency at -25°C, 20°C, and 85°C was then measured to calculate its temperature coefficient (xf) 
using the method of least square. The deflective strength of the sintered substance was also measured using the 
method in accordance with JIS R1 601 . Results are shown in Table 2. The Of product in Table 2 is the Q value multiplied 
by the frequency f at which Q value is measured. The frequency f is between 2 and 7 GHz depending on the size and 

40 shape of the specimen. The Of product is thus calculated to obtain a value independent of the size or shape of the spec- 
imen. This is the method generally used in the industry. 

As shown in Table 2, Specimens Nos. 2 to 15, which have a porcelain composition applicable to this exemplary 
embodiment were sintered at between 925°C and 1050°C, showing excellent microwave dielectric characteristics: Rel- 
ative dielectric constant (er) between 41 and 88, Of product between 1200 and 3300 GHz, and temperature coefficient 

45 (xf) of resonance frequency between 1 5 and 45 ppm/°C. The deflective strength of these porcelains were all above 1 80 
Mpa, which is larger than the deflective strength of a conventional Bi 2 0 3 -CaO-Nb 2 0 5 material with 140 Mpa. 

The composition of the second component glass showed good dielectric characteristics in the range of composi- 
tions between Specimen No. 5 and 8. This demonstrates that any glass containing Si0 2 , MO (M contains at least one 
of Ba, Ca, and Sr), and La 2 0 3 can be used as the second component. 

50 
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Table 2 



5 


opeci- 
men No. 


Composition of the first component 
(mol%) 


Mixing ratio of 
the second com- 
ponent 


Ts (C°) 


Characteristics 






x 


v 


z 


w 




Wt% 




er 


Qf 


if 


o*s 


10 


1# 


15 


15 


67 


3 


A 




nst 










2 


15 


15 


67 


3 


A 


3 


1050 


88 


3300 


.in 


pan 




3 


15 


15 


67 


3 


A 




1025 


ft? 


oouu 


to 


pm 




4 


15 


15 


67 


3 


A 


10 


975 


72 


3000 


T 1 


pnn 


15 


5 


15 


15 


67 


3 


B 


10 


975 


69 


iftnn 


. Q 
TO 


pm 




6 


15 


15 


67 


3 


c 


10 


1000 


71 




-5 
o 


pnn 




7 


15 


15 


67 


3 


D 


10 


975 


71 


ppnn 


_p 


1 9U 


20 


8 


15 


15 


fi7 

O f 


«3 

o 




m 
i \j 


1000 


7n 




+*T 


pnn 
^uu 


9 


15 


15 


fi7 

D f 


o 


A 


pn 


950 


Cfi 
DU 


pftnn 


f 


pnn 




10 


18 


1ft 

1 o 


fi1 


*i 

O 


A 
r\ 


pn 


975 


51 


i^nn 


+ \\j 


ion 
iyu 




11 


1 1 


1 1 


75 


o 


A 


pn 


950 




pann 


+fO 


pm 


25 


12 


11 


1ft 


fift 
oo 


o 


A 


pn 


950 






-ft 
o 


pm 




13 


1ft 

1 o 


1 1 

1 1 


fift 


Q 

o 


A 


pn 


950 


CO 


ifinn 

I DUU 


+ 1 


ion 




14 


14 


14 


fi7 
o / 


Q 
O 


A 


pn 


925 


Of 




-in 


mn 

lOU 


30 


15 


15 


15 


67 


3 


A 


50 


925 


41 


1200 


-15 


180 


16# 


15 


15 


67 


3 


A 


60 


900 


36 


750 


-25 


nmd 




17# 


15.5 


15.5 


69 


0 


A 


10 


1025 


74 


2900 


+78 


nmd 




18# 


14.5 


14.5 


63.5 


7.5 


A 


10 


mel 








nmd i 


35 


19# 


8 


22 


67 


3 


A 


10 


1000 


38 


3200 


-5 


nmd 




20# 


22 


8 


67 


3 


A 


10 


1000 


53 


1800 


+155 


nmd 




21# 


26 


26 


45 


3 


A 


10 


1025 


72 


1600 


+252 


nmd 


40 
45 


22# 


8 


8 


81 


3 


A 


10 


1000 


51 


2500 


+272 


nmd 


x, y, z, w: xBaO-yNd 2 03-zTi02-wBi 2 03 

Ts: Sintered temperature, er: Relative dielectric constant, Of: Of Product, xf: Temperature coefficient, as: Deflective 
strength nst: Not sintered, mel: Melted, nmd: Not measured 

Specimen Nos. marked with # are out of the scope of the present invention. Average particle diameter before sinter- 
ing the mixed powder is 0.9 jim. 



In Specimen No. 1 , when the mixing ratio of the second component is less than 3 weight %, it did not sinter at 
1 100°C or below, thus not satisfying the purpose of the present invention. In Specimen No. 16. when the mixing ratio of 
the second component exceeds 50 weight %, dielectric constant fell to 40 or below and the Qf product became a small 
so 1000 GHz, which was also not suitable for the present invention. 

When x, y, z, and w in xBaO-yNd 2 03-zTi02-wBi 2 03 (x+y+z+w =1 ) of the first component was out of the range of 
the present invention, which are specimens Nos. 1 7 to 22, relative dielectric constant became smaller than 40, and tem- 
perature coefficient of resonance frequency changed to a large positive value exceeding +50 ppm/^C, which are not 
suitable for the present invention because they do not sinter as porcelain. 

55 

Sixth exemplary embodiment 

Unsuitable exemplary embodiments of the second component are explained next. Characteristics were evaluated 
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using the same method as in the fifth exemplary embodiment. Compositions shown in Table 3 were used for the second 
component. Results are shown in Table 4. 



Table 3 



Specimen No. 


Composition of the second component (Weight %) 




31O2 




Daw 








Al A 


F 


47 


1*5 




10 


10. 


0 

£. 


O 


G 


42 


10 




20 


10 


5 


13 


H 


45 


10 


22 




10 


8 


5 


I* 


35 


10 


25 


20 




5 


5 


J* 


55 


10 


15 


10 




5 


5 


K* 


45 


10 


20 






5 


20 


L* 


45 


10 


20 


5 




15 


5 


M * 


45 


20 


25 






5 


5 | 


N* 


45 


2 


23 


15 




10 


5 


Specimen Nos. marked with * are within the scope of Claim 1 but out of the 
scope of Claim 2. 



Table 4 



Speci- 
men 
No. 


Composition of the first compo- 
nent(mol%) 


Mixing ratio of 
the second com- 
ponent 


Ts (C°) 


Characteristics 




X 


y 


z 


w 


Type 


Wt% 




er 


Qf 


xf 


as 


23 


15 


15 


67 


3 


F 


10 


950 


70 


2400 


-8 


190 


24 


15 


15 


67 


3 


F 


20 


925 


59 


2200 


-3 


180 


25 


15 


15 


67 


3 


G 


10 


975 


70 


3200 


•3 


220 


26 


15 


15 


67 


3 


G 


20 


975 


60 


3100 


+3 


210 


27 


15 


15 


67 


3 


H 


10 


975 


68 


2200 


-10 


200 


28 


15 


15 


67 


3 


H 


20 


950 


57 


1900 


-8 


200 


29* 


15 


15 


67 


3 




20 


950 


63 


800 


-3 


nmd 


30* 


15 


15 


67 


3 


J 


20 


1050 


58 


2500 


+5 


nmd 


31* 


15 


15 


67 


3 


K 


20 


1075 


56 


2200 


+3 


nmd 


32* 


15 


15 


67 


3 


L 


20 


975 


61 


1500 


-3 


nmd 


33* 


15 


15 


67 


3 


M 


20 


925 


55 


800 


-18 


nmd 


34* 


15 


15 


67 


3 


N 


20 


1050 


62 


2600 


+1 


nmd 


x, y, z, w: xBaO-yNd20 3 -zTi02-wBi 2 03 

Ts: Sintered temperature, et: Relative dielectric constant, Qf: Of Product, xf: Temperature coefficient, os: Deflective 
strength nst: Not sintered, mel: Melted, nmd: Not measured 

Specimen Nos. marked with * are within the scope of Claim 1 but out of the scope of Claim 2. Average particle 
diameter before sintering the mixed powder is 0.9 um 
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As shown in Table 4, specimens Nos. 23 to 28, which are dielectric porcelains within the scope of this exemplary 
embodiment, were sintered at a temperature between 925°C and 975°C. It was confirmed that these specimens show 
good microwave dielectric characteristics, with a relative dielectric constant between 57 and 70, Of product between 
1900 and 3200 GHz, and temperature coefficient of resonance frequency between -10 and +3 ppm/°C; and deflective 

5 strength of 1 80 MPa or above. 

Specimen No. 29, using the second component type I with 40 weight % or less Si0 2 , and Specimen No. 33, using 
the second component type M with 15 weight % or above La 2 0 3 , are not suitable because the Qf product fell below 
1000 GHz. Specimen No. 30, using the second component type J with 50 weight % or more Si0 2 . Specimen No. 31 , 
using the second component type K with 15 weight % or more Al 2 0 3 , and Specimen No. 34, using the second compo- 

w nent type N with 5 weight % or less L 2 0 3 demonstrated a high sintering temperature above 1 050°C, which is not suita- 
ble. Specimen No. 32, using the second component L with 10 weight % or more did not show any problem with 
sintering temperature and electrical characteristics, but it is unsuitable because it showed extreme difficulty in making 
a green sheet. When a slurry was made by mixing an appropriate amount of binder, plasticizer, and solvent, and then 
a green sheet was made using methods such as the doctor blade method, gellation of the slurry occurred. 

15 

Seventh exemplary e mbodiment 

Next, the effect was examined of further adding copper oxide. Chemically high purity (99 weight % or above) CuO 
powder was weighed and mixed with both first and second components, and specimens were prepared and their char- 
ge acteristics were measured in accordance with the same method as the fifth exemplary embodiment. The composition 
A in Table 1 was employed for the second component. Results are shown in Table 5. 



Tables 



Speci- 
men 
No. 


Composition of the first compo- 
nent(mol%) 


Mixing ratio of 
the second com- 
ponent 


CuO 
weight 
% 


Ts 
(C°) 


Characteristics 




X 


y 


z 


w 


Type 


Wt% 






er 


Qf 


xf 


oS 


4 


15 


15 


67 


3 


A 


10 


0 


975 


72 


3000 


+1 


200 


35 


15 


15 


67 


3 


A 


10 


0.5 


925 


71 


2900 


+3 


200 


36 


15 


15 


67 


3 


A 


10 


1.5 


925 


69 


2400 


-3 


200 


37 


15 


15 


67 


3 


A 


10 


5 


900 


67 


1300 


-4 


180 


38+ 


15 


15 


67 


3 


A 


10 


7.5 


900 


67 


700 


-7 


180 


x, y, z, w: xBaO-yNd 2 0 3 -zTi0 2 -wBi 2 0 3 

Ts: Sintered temperature, er: Relative dielectric constant, Qf: Qf Product, xf: Temperature coefficient, as: Deflective 
strength 

+: Specimen within the scope of Claim 1 and 2 but out of the scope of Claim 3. Average particle diameter before sin- 
tering the mixed powder is 0.9 jim. It is difficult to make a green sheet with Specimen No. 32. 



As shown in Fig. 5, dielectric porcelain with copper oxide showed 50°C to 75°C lower sintering temperature com- 
45 pared to dielectric porcelain without adding copper oxide. There was no change in electrical characteristics. Accord- 
ingly, with addition of copper oxide, sintering temperature can be always kept below 950°C, so a multi-layer resonance 
device can be made with an internal conductor made of silver, which has high conductivity and a melting point of 961 °C. 
In case of Specimen No. 38. however, if the amount of CuO added exceeds 5 weight %, which is out of the scope of the 
present invention, the Qf product fell to 1000 GHz or below, making it not suitable. 

50 

Eighth exemplary embodiment 

Next, the effect was examined of an average particle diameter of mixed powder. The average particle diameter of 
mixed powder is adjustable by changing the mixing duration and diameter of zirconia stone. Results are shown in Table 
55 6. 
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Table 6 



10 



15 



Speci- 
men 
No. 


Composition of the first compo- 
nent (mol%) 


Mixing ratio of 
the second 
component 


OUCJ 

(wt%) 


Particle 
diameter 


IS 

(C°) 


Characteristics 




X 


y 


z 


w 


Type 


Wt% 








er 


Of 


xf 


OS 


4 


15 


15 


67 


3 


A 


10 


0 


0.9 


975 


72 


3000 


+1 


200 


39 


15 


15 


67 


3 


A 


10 


0 


0.75 


925 


72 


2700 


+4 


220 


40 


15 


15 


67 


3 


A 


10 


0 


0.6 


925 


72 


2900 


+3 


230 


36 


15 


15 


67 


3 


A 


10 


1.5 


0.9 


925 


69 


2400 


-3 


200 


41 


15 


15 


67 


3 


A 


10 


1.5 


0.75 


900 


69 


2500 


-4 


220 


42 


15 


15 


67 


3 


A 


10 


1.5 


0.6 


875 


70 


2600 


-6 


220 



When the particle diameter of mixed powder was made as fine as 0.6 urn, sintering temperature further lowered by 
20 25 to 50°C, and deflective strength also increased by about 10%. There was no change in electrical characteristics. 
Accordingly, by making particle diameter of mixed powder 0.6 jim or below, a multi-layer resonance device having inter- 
nal conductor made of silver, which has high conductivity and a melting point of 961 °C, can be made. 

Inorganic compounds other than those in the above exemplary embodiment can be used as long as their contents 
are within the scope of the present invention and there is no detrimental effect on characteristics. 

25 

Ninth exemplary embodiment 

Next, a range of compositions of glasses employed for the low-dielectric layer of the diplexer of the present inven- 
tion are explained. The bonding strength between the low-dielectric layer and high-dielectric layer, and sintering state 

30 such as delamination and waviness of a substrate are evaluated from the appearance of a substrate made by sintering 
of such glasses and materials for the high-dielectric layer. Interfacial bonding strength was evaluated using a tensile 
test. Cracking of cut section when the substrate was cut using a dicer with 0.2 mm thick blade at 1 .0 mm/sec was also 
observed. The thermal expansion coefficient of the glasses was measured using the TMA method, and the softening 
point was measured by DTA (Differential Thermal Analysis) method. 

35 Specimen Nos. 1 to 6 are low-dielectric materials with fixed amounts of Si02-AI 2 03-BaO-CaO-B 2 03 amorphous 
glass mixed with a variable amount of ceramic powder of forsterite, zirconia, and alumina, and each high-dielectric 
material of BCN, BCZCN, and BNTG sintered in accordance with the first exemplary embodiment. Their evaluation 
results are shown in Table 7. Weight mixing ratio of amorphous glass and ceramic powder of low-dielectric layer and 
ceramic powder is 50:50. 

40 Low-dielectric material of specimen Nos. 1 to 5 showed slightly weaker bonding strength at an interface with BCN 
and BNTG but sintering was possible. Integral sintering was not applicable to BCZCN, and the sintered body was dam- 
aged. The thermal expansion coefficient of BCN is 93 x 10" 7 /°C, BNTG is 95 x lO'^C, but BCZN was a low 76 x 10" 
7 /°C. Accordingly, the low-dielectric material of specimen Nos. 1 to 5 which have thermal expansion coefficients of 88 
to 93 x 10 _7 /°C, relatively close to BCN and BNTG. were possible to sinter with BCN and BNTG. but the sintered sub- 

45 stance was damaged in the case of BCZN because a large compression stress was assumed to have been applied to 
the high-dielectric layer. 



50 
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Since the alumina content in the low-dielectric material of Specimen No. 6 is higher, causing a reduced thermal 
expansion coefficient, sintering was aJso possible with BCZCN but large internal stresses built up, causing damage 
when released on cutting with the dicer. 
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Specimen No. 7 has increased alumina content, further reducing the thermal expansion coefficient. No cracks 
occurred in the cut section when cutting with the dicer after sintering with BCZCN. However, many cracks occurred in 
the high-dielectric layer when cutting the sintered substance of BCN and BNTG with the dicer. This allows the assump- 
tion to be made that cracks caused by large tensile stresses in the high-dielectric layer due to smaller thermal expan- 
5 sion coefficient in the low-dielectric layer than the high-dielectric layer. 

When the amount of alumina is further increased and thermal expansion coefficient falls to 79 x 10* 7 /°C, such as 
in Specimen No. 8, it cannot be sintered with BCN and BNTG, and complete delamination occurred at the interface 
(phase boundary). On the other hand, a good sintered substance was achieved with BNTG although it showed some- 
what weak bonding strength. 

10 The same tendency as in Specimen Nos. 1 to 8 was seen for Specimen Nos. 9 to 16. When the amount of alumina 
exceeded 50% and thermal expansion coefficient fell to a low level, sintering with BCZCN became possible, and when 
the amount of alumina is kept below 50% and thermal expansion coefficient increased to a high level, sintering with 
BCN and BNTG became possible. 

The above results indicate that the amount of alumina contained in ceramic powder mixture containing forsterite. 

15 alumina, and zirconia should ideally remain below 50 weight % when the high-dielectric layer is made of BCN or BNTG. 
If the high-dielectric layer is made of BCZCN, the amount of alumina contained should ideally exceed 50 weight %. 

Tenth exemplary embodiment 

20 Next, optimum components for the amorphous glass composition of the low-dielectric layer were examined. 

Here, BCN was used for the high-dielectric layer. Evaluation method is the same as the second exemplary embod- 
iment. Also, same as specimen No. 1 in Table 7, 100 weight % of forsterite was used as ceramic powder for the low- 
dielectric layer. Mixing weight ratio of amorphous glass and ceramic powder was 50:50. 

Specimen Nos. 1 and 1 7 to 20 in Table 8A were examined with regard to the ratio of Si0 2 and MO (M is Ba and Ca) 

25 in amorphous glass. Si0 2 is an oxide for forming glass, and, at the same time, it functions as to lower the thermal expan- 
sion coefficient of glass. Therefore, if the amount of Si0 2 is excessive (Specimen No. 20), the thermal expansion coef- 
ficient of the low-dielectric layer decreases and many cracks occur in the high-dielectric layer due to the same reason 
as described above. If the amount of Si0 2 is too little (Specimen No. 17), the thermal expansion coefficient becomes 
too large and damages the sintered body. Accordingly, the amount of Si0 2 should ideally be kept between 40 and 50 

30 weight %. 

Specimen Nos. 21 to 24 in Table 8A were examined with regard to the MO/La 2 0 3 ratio. Amorphous glass of Spec- 
imen No. 19 was used as a base, and a part of MO (M is Ba and Ca) was replaced with La 2 0 3 . When the amount of 
La 2 0 3 was increased, reactivity of BCN and the low-dielectric material is improved, and bonding strength at the bound- 
ary is enhanced, but there was no change in thermal expansion coefficient. If the amount of La 2 0 3 was excessive, how- 

35 ever, reactivity of the low-dielectric layer and BCN became too strong, and waviness occurred in the entire sintered 
body. According to the results of specimen Nos. 17 to 24, the amount of (MO+La 2 0 3 ) should ideally be kept between 
40 and 50 weight % and the amount of La 2 0 3 should ideally be 1 5 weight % or below. 

In Specimen Nos. 25 to 39 in Table 8A and Table 8B, the optimum ratio of BaO/CaO/SrO was examined, in Speci- 
men Nos. 40 to 42, the optimum ratio of Si0 2 /B20 3 was examined, and in Specimen Nos. 43 to 46, the optimum ratio 

40 of Al 2 0 3 /Si0 2 was examined. 
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According to the results of Specimen Nos. 25 to 39, BaO should ideally be 1 0 to 40 weight %, CaO is 0 to 30 weight 
%. and SrO is 0 to 10 weight %. When the amount of BaO and SrO is increased, the material will have lower thermal 
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expansion, and when the content of CaO is increased, the material will have higher thermal expansion. 

According to the results of Specimen Nos. 40 to 42, the amount of B 2 0 3 should ideally be 0 to 10 weight %. When 
B2O3 exceeds 10 weight %, glass softening point decreases too much, and causes strong reactivity with the high-die- 
lectric layer, resulting in waviness of the sintered body. 
5 According to the results of Specimen Nos. 43 to 46, the amount of Al 2 0 3 should ideally be 0 to 15 weight % 
because when it exceeds 1 5 weight %, the thermal expansion becomes too large and causes cracks in the high-dielec- 
tric layer. 

The present invention is not limited to the third exemplary embodiment. Other components such as Sn0 2 , P2O5, 
and K 2 0 can be added to amorphous glass of the low<lielectric layer. 

10 

Eleventh exemplary embodiment 

Next, the mixing weight ratio of amorphous glass and ceramic powder was examined. The composition of Speci- 
men No. 21 was employed as the composition of amorphous glass according to the results of the tenth exemplary 
15 embodiment. 

Specimen Nos. 21 and 47 to 52 in Table 9 uses forsterite as ceramic powder, and the mixing weight ratio of forster- 
ite and amorphous glass was changed for examination. Specimen Nos. 53 to 59 use alumina as ceramic powder and 
specimen Nos. 60 and 61 show results when zirconia is used. 

In any ceramic powder, sintering performance of the low-dielectric layer material drops when the mixing weight ratio 
20 of ceramic powder becomes large. When the mixing weight ratio of ceramic powder and amorphous glass reaches 
75:25, the low-dielectric layer material cannot be sintered even at 950°C, causing degradation in insulation resistance. 
If the material is sintered at higher temperature, it became impossible to sinter with silver. 

On the other hand, if the mixing ratio of amorphous glass increases, sintering performance improved but reactivity 
with the high<iielectric layer became too strong when the mixing ratio reaches 25:75, causing warpage or waviness of 
25 the sintered body. 

Based on the above results, the mixing weight ratio of ceramic powder and amorphous glass should ideally be 
between 30:70 and 70:30. 
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Twelfth exemplary embodiment 

Next, the effect of average ground particle diameter of the low-dielectric material to low temperature sintering of the 
low-dielectric material was examined. 

5 Specimen No. 51 in Table 9 can finally be sintered at 950°C, the limit temperature for sintering with silver, when the 
mixing weight ratio of ceramic powder (forsterite) and amorphous glass is 70:30. Specimen Nos. 63 and 64 in Table 10 
show results of grinding this low-dielectric material longer for reducing the average particle diameter to achieve sinter- 
ing at lower temperature. When the average ground particle diameter of the low-dielectric material is 2.0 urn or below, 
sintering temperature fell more than 20°C. Those compositions, such as Specimen No. 51 , with somewhat lower sinter- 

10 ing performance can also secure more than 30°C difference with melting temperature (about 960°C) of silver. Accord- 
ingly, partial melting of silver electrode or degradation in conductivity can be prevented. 

Thus, the average particle diameter of the low-dielectric material should ideally be 2.0 urn or below. 
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Thirteenth exemplary embodiment 

Next, the effect of subcomponent added to the low-dielectric material to lower sintering temperature of the low-die- 
lectric material was examined. 

Specimen Nos. 65 to 67 in Table 10 show results of evaluation when silicon dioxide (Si0 2 ) is added as subcompo- 
nent, and Specimen Nos. 68 to 70 are when copper oxide (CuO) is added, and Specimen Nos. 71 to 73 are when man- 
ganese dioxide (Mn0 2 ) is added. 

In any subcomponent, sintering temperature dropped more than 20°C, and showed good effect on low-temperature 
sintering. However, when silicon dioxide is used as subcomponent, waviness occurred in the sintered body when it was 
added for 3.0 weight %. When copper oxide or manganese dioxide was added for 3.0 weight %. insulation resistance 
of the low-dielectric material degraded, and became 1 x 10 12 (Qcm) or below. 

According to the above results, silicon dioxide, copper oxide, or manganese dioxide should ideally be added for 

0. 05 to 2.0 weight % as subcomponent. 

Accordingly, the low-dielectric material of the diplexer of the present invention can be sintered with the dielectric 
ceramic material of BCN, BCZCN, or BNTG for high-dielectric micro wave by mixing amorphous glass and ceramic 
powder. This prevents delamination at bonding interface of different materials of the sintered body and cracking in each 
layer, offering the diplexer with higher reliability and stability. 

INDUSTRIAL APPLICABILITY 

The present invention offers a simple circuit configuration of a diplexer comprising a low-pass filter, band-pass filter, 
and matching circuit; and facilitates the setting of the low-pass filter without affecting the passband of the band-pass 
filter. 

Moreover, the present invention enables the reduction of the size of the diplexer by forming the low-dielectric layer 
and high-dielectric layer. The low-pass filter and the matching circuit of the low-pass filter are formed in the low-dielec- 
tric layer, and the band-pass filter and matching circuit of the band-pass filter are formed in the high-dielectric layer. 

Furthermore, the present invention offers a diplexer with high reliability and stability which prevents delamination or 
cracking by optimizing the material composition of the high-dielectric layer and the low-dielectric layer. 

Reference numerals 

101 first capacitor 

102 first inductor 

103 second capacitor 

104 third capacitor 

105 second inductor 

106 fourth capacitor 

1 07 first quarter wavelength resonator 

108 fifth capacitor 

109 third inductor 

1 1 0 second quarter wavelength resonator 

1 1 1 sixth capacitor 

1 1 2 first terminal 

113 common terminal 

114 second terminal 

115 low-pass filter 

116 band-pass filter 

Claims 

1 . A diplexer having a first terminal, second terminal, and common terminal, said diplexer comprising a low-pass filter 
connected between said first terminal and said common terminal whose passband is a first band, and a band-pass 
fitter connected between said common terminal and said second terminal whose passband is a second band which 
is higher frequency band than said first band; and said diplexer further comprising a first matching circuit connected 
between said low-pass filter and said common terminal, and a second matching circuit connected between said 
common terminal and said band-pass filter. 

2. A diplexer as defined in Claim 1 , wherein said first matching circuit is an inductor connected in series. 
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3. A diplexer as defined in Claim 1 , wherein said second matching circuit is a capacitor connected in series. 

4. A diplexer as defined in Claim 1 , wherein said low-pass filter is a low-pass filter of a n-type circuit. 

5 5. A diplexer as defined in Claim 1 , wherein said low-pass filter comprises at least one attenuation pole. 

6. A diplexer as defined in Claim 5, wherein one of said attenuation pole(s) is a low-pass filter in the second band. 

7. A diplexer as defined in Claim 1 , wherein said band-pass filter comprises at least one attenuation pole. 

w 

8. A diplexer as defined in Claim 7, wherein one of said attenuation pole(s) is a band-pass filter in the first band. 

9. A diplexer as defined in Claim 1 , wherein at least two layers of a high-dielectric layer and low-dielectric layer are 
laminated, and said band-pass filter and said second matching circuit being formed in said high-dielectric layer, and 

15 a low-pass filter and a first matching circuit being formed in said low-dielectric layer. 

10. A diplexer as defined in Claim 1 , wherein a resonator electrode and capacitor electrode for forming said band-pass 
filter, and a capacitor electrode for forming said second matching circuit are disposed in a high-dielectric layer; an 
inductor electrode and capacitor electrode for forming said low-pass filter, and an inductor electrode for forming 

so said first matching circuit are disposed in said low-pass filter; and a common shield electrode for said band-pass 
filter and said low-pass filter is disposed on an interface between said high-dielectric layer and said low-dielectric 
layer. 

1 1 . A diplexer as defined in Claim 1 , wherein a resonator electrode, capacitor electrode, and shield electrode for form- 
25 ing a band -pass filter, and a capacitor electrode for forming a second matching circuit are disposed in a high-die- 
lectric layer; and an inductor electrode, capacitor electrode, and shield electrode for forming a low-pass filter, and 
an inductor electrode for forming a first matching circuit are disposed in a low-dielectric layer. 

12. A diplexer as defined in Claim 9, wherein said low-dielectric layer is composed of ceramic powder of at least one 
30 type of forsterite (Mg 2 Si04), zirconia (Zr0 2 ), and alumina (Al 2 0 3 ), and amorphous glass. 

13. A diplexer as defined in Claim 12, wherein a mixing weight ratio of said ceramic powder and said amorphous glass 
is between 30:70 and 70:30. 

35 14. A diplexer as defined in Claim 12, wherein a major component of said amorphous glass of said low-dielectric layer 
is Si0 2 -A! 2 0 3 -MO(M is at least one of Ba, Ca, and Sr)-La 2 0 3 -B20 3 . 

15. A diplexer as defined in Claim 14, wherein major components of said amorphous glass are composed of 40 to 50 
weight % of Si0 2 , 0 to 15 weight % of Al 2 0 3 , 0 to 10 weight % of B 2 0 3 , and 40 to 50 weight % of MO (M is at least 

40 one of Ba, Ca, and Sr)+La 2 0 3 , and 0 to 1 5 weight % of La 2 0 3 . 

16. A diplexer as defined in Claim 14, wherein 0.05 to 2.0 weight % converting into Si0 2 , CuO and Mn0 2 of silicone 
oxide, copper oxide, or manganese oxide is added as a sub-component of said low-dielectric layer when the total 
amount of said ceramic powder and amorphous glass is 100 weight %. 

45 

17. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly composed 
of Bi 2 0 3l CaO. and Nb^. 

18. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly composed 
so of Bi 2 0 3 , CaO, ZnO, CuO, and NbgOg. 

19. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly composed 
of BaO, Nd 2 0 5 . Ti0 2 , and glass. 

55 20. A diplexer as defined in Claim 1 9, wherein said dielectric ceramic material comprising a first component which can 
be defined by a general formula as xBaO-yNd 2 0 5 -zTi0 2 -wBi 2 0 3 (x+y+z+w=1 ), said x, y, z, and w are respectively 
within 0.1^x^0.2, 0.1<y^0.2, 0.55^z^0.8, and 0.005^w<0.05; and a second component which is a glass at least 
containing Si0 2 , Al^. MO (M is at least one of Ba. Ca, and Sr), La 2 0 3 , and B 2 0 3 ; and said second component 
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accounting for between 3 weight % and 50 weight % against 100 weight % of said first component. 

21 . A diplexer as defined in Claim 20. wherein glass component of said second component comprising 40 to 50 weight 
% of Si0 2 , 0 to 1 5 weight % of Al 2 0 3 , 0 to 1 0 weight % of B2O3. and 40 to 50 weight % of MO (M is at least one of 

5 Ba, Ca, and Sr)+La 2 0 3 , and 0 to 15 weight % of La 2 0 3 . 

22. A diplexer as defined in Claim 20, wherein copper oxide converting into CuO is added as a third component 
accounting for less than 5 weight % against 100 weight % of said first component. 

10 23. A duplexer comprising two diplexers as defined in Claim 1 and a single polar double transmission switch (hereafter 
referred to as SPDT switch); a common terminal of said diplexer being connected to one output terminal of said 
SPDT switch, and a common terminal of the other diplexer being connected to the other output terminal of said 
SPDT switch. 

15 24. A duplexer comprising a diplexer as defined in Claim 1 , a duplexer operating in the first band, and a duplexer oper- 
ating in the second band; a first terminal of said diplexer being connected to an antenna terminal operating in the 
first band, and a second terminal of said diplexer being connected to an antenna terminal operating in the second 
band. 

20 25. A two-channel mobile communications equipment employing a diplexer as defined in Claim 1 in a high frequency 
circuit. 

Amended claims under Art. 19.1 PCT 

25 1 . A diplexer separating signal having two frequency bands to each frequency band comprising: 
a first terminal, a second terminal, a common terminal, 

a low-pass filter connected between said first terminal and said common terminal whose passband is a first 
band, 

30 and a band-pass filter connected between said common terminal and said second terminal whose passband 

is a second band which is higher frequency band than said first band; 

wherein said diplexer further comprising; 
a first matching circuit connected between said low-pass filter and said common terminal, and said first match- 
ing circuit functions to raise impedance of said first matching circuit in second band; 

35 a second matching circuit connected between said common terminal and said band-pass filter, and said sec- 

ond matching circuit functions to raise impedance of said second matching circuit in first band; 

2. A diplexer as defined in Claim 1 , wherein said first matching circuit is an inductor connected in series. 

40 3. A diplexer as defined in Claim 1 , wherein said second matching circuit is a capacitor connected in series. 

4. A diplexer as defined in Claim 1 , wherein said low-pass filter is a low-pass filter of a % -type circuit. 

5. A diplexer as defined in Claim 1 , wherein said low-pass filter comprises at least one attenuation pole. 

45 

6. A diplexer as defined in Claim 5, wherein one of said attenuation pole(s) is a low-pass filter in the second band. 

7. A diplexer as defined in Claim 1 , wherein said band-pass filter comprises at least one attenuation pole. 

50 8. A diplexer as defined in Claim 7, wherein one of said attenuation pole(s) is a band-pass filter in the first band. 

9. A diplexer as defined in Claim 1 , wherein at least two layers of a high-dielectric layer and low-dielectric layer are 
laminated, and said band-pass filter and said second matching circuit being formed in said high-dielectric layer, and 
a low-pass filter and a first matching circuit being formed in said low-dielectric layer. 

10. A diplexer as defined in Claim 1 , wherein a resonator electrode and capacitor electrode for forming said band- 
pass filter, and a capacitor electrode for forming said second matching circuit are disposed in a high-dielectric layer; 
an inductor electrode and capacitor electrode for forming said low-pass filter, and an inductor electrode for forming 
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said first matching circuit are disposed in said low-pass filter; and a common shield electrode for said band-pass 
filter and said low-pass filter is disposed on an interface between said high-dielectric layer and said low-dielectric 
layer. 

1 1. A diplexer as defined in Claim 1, wherein a resonator electrode, capacitor electrode, and shield electrode for 
forming a band-pass filter, and a capacitor electrode for forming a second matching circuit are disposed in a high- 
dielectric layer; and an inductor electrode, capacitor electrode, and shield electrode for forming a low-pass filter, 
and an inductor electrode for forming a first matching circuit are disposed in a low-dielectric layer. 

12. A diplexer as defined in Claim 9, wherein said low-dielectric layer is composed of ceramic powder of at least 
one type of forsterite (Mc^SiO^, zirconia (Zr0 2 ). and alumina (Al 2 0 3 ), and amorphous glass. 

13. A diplexer as defined in Claim 12, wherein a mixing weight ratio of said ceramic powder and said amorphous 
glass is between 30:70 and 70:30. 

14. A diplexer as defined in Claim 12, wherein a major component of said amorphous glass of said low-dielectric 
layer is Si0 2 -AI 2 0 3 -MO(M is at least one of Ba, Ca, and Sr)-La 2 0 3 -B 2 0 3 . 

15. A diplexer as defined in Claim 14, wherein major components of said amorphous glass are composed of 40 to 
50 weight % of Si0 2 , 0 to 15 weight % of Al 2 0 3 , 0 to 10 weight % of B 2 0 3> and 40 to 50 weight % of MO (M is at 
least one of Ba, Ca, and Sr)+La 2 0 3 , and 0 to 15 weight % of La 2 0 3 . 

1 6. A diplexer as defined in Claim 14, wherein 0.05 to 2.0 weight % converting into Si0 2 , CuO and Mn0 2 of silicone 
oxide, copper oxide, or manganese oxide is added as a sub-component of said low-dielectric layer when the total 
amount of said ceramic powder and amorphous glass is 100 weight %. 

17. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly com- 
posed of Bi 2 0 3> CaO, and Nr^Os- 

18. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly com- 
posed of Bi 2 0 3 , CaO, ZnO, CuO, and Nt^Os- 

19. A diplexer as defined in Claim 9, wherein said high-dielectric layer is a dielectric ceramic material mainly com- 
posed of BaO, Nd 2 0 5 , Ti0 2l and glass. 

20. A diplexer as defined in Claim 19, wherein said dielectric ceramic material comprising a first component which 
can be defined by a general formula as xBaO-yNd 2 0 5 -zTi0 2 -wBi 2 0 3 (x+y+z+w=1 ), said x, y, z, and w are respec- 
tively within 0.1<x^0.2, 0.1^y<0.2, 0.55^0.8, and 0.005^w<0.05; and a second component which is a glass at 
least containing Si0 2 , Al 2 0 3 , MO (M is at least one of Ba, Ca, and Sr), La 2 0 3> and B^; and said second compo- 
nent accounting for between 3 weight % and 50 weight % against 100 weight % of said first component. 

21. A diplexer as defined in Claim 20, wherein glass component of said second component comprising 40 to 50 
weight % of Si0 2 , 0 to 1 5 weight % of Al 2 0 3 , 0 to 10 weight % of B^, and 40 to 50 weight % of MO (M is at least 
one of Ba, Ca, and Sr)+La 2 0 3 , and 0 to 15 weight % of La 2 0 3 . 

22. A diplexer as defined in Claim 20, wherein copper oxide converting into CuO is added as a third component 
accounting for less than 5 weight % against 100 weight % of said first component. 

23. A duplexer comprising two diplexers as defined in Claim 1 and a single polar double transmission switch (here- 
after referred to as SPDT switch); a common terminal of said diplexer being connected to one output terminal of 
said SPDT switch, and a common terminal of the other diplexer being connected to the other output terminal of said 
SPDT switch. 

24. A duplexer comprising a diplexer as defined in Claim 1 , a duplexer operating in the first band, and a duplexer 
operating in the second band; a first terminal of said diplexer being connected to an antenna terminal operating in 
the first band, and a second terminal of said diplexer being connected to an antenna terminal operating in the sec- 
ond band. 
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25. A two-channel mobile communications equipment employing a diplexer as defined in Claim 1 in a high fre- 
quency circuit. 
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